Chip-on-glass (COG) bonding using a nonconductive adhesive (NCA) and the entrapment of NCA and fillers in the COG joints were studied. Sn was used as a bump material because it has a higher propensity of plastic deformation than an Au bump. Three types of Sn bumps were fabricated, electroplated Sn bumps, reflowed Sn bumps, and coined Sn bumps. Three types of NCAs were applied during COG bonding. The reflowed bump had the least amount of trapped NCA with fillers among the bumps studied. The NCA with the lowest viscosity was trapped the least compared to the other NCAs. The electrical test results showed that contact resistance increased with increasing amounts of trapped NCA with fillers in the COG joint.
Introduction
Chip on glass (COG) bonding is widely used in liquid crystal display (LCD) driver integrated circuit (IC) packaging. 1, 2) In COG technology, the driver IC is directly mounted on the LCD module by the flip chip method. COG technology offers both the thinnest packaging options and the smallest packaging area. COG technology also features several other advantages, such as improvements in multipin capability and in electrical properties. Furthermore, COG technology permits high density substrate bonding over short distances and is, therefore, suitable for packaging high speed and high performance devices.
3) COG bonding with a fine pitch of 30 mm has been successful. 4, 5) The most common COG bonding technology is based on an anisotropic conductive film (ACF). [6] [7] [8] The principle of COG bonding using ACF is that the electrical connections are established through conductive particles and the mechanical interconnections are maintained by the adhesive.
6) The advantage of ACF technology compared with soldering is flexibility, the capability to produce fine pitch interconnections, lead-free bonding, cheaper manufacturing, and processing at lower temperatures. 9, 10) When the COG bonding technology using ACF is applied to mount a fine pitch (< 50 mm) LCD driver IC, an electrical short is sometimes generated between the adjacent bumps due to the electrical bridging by conductive particle agglomeration between the bumps. 7) Because of this, contact resistances either increase or the interconnect will be prone to opening due to the reduction in pitch and contact size.
11)
COG bonding technology using NCAs has been recently reported. 4, 5, 12, 13) The bonding method using an NCA has various advantages by facilitating fine pitch bonding, reducing manufacturing costs, and achieving superior electric properties by a reduced contact resistance between the metal bump and the electrode pad. Instead of relying on the mediate connection of conductive particles squeezed between the bump and electrode pads, this process realizes direct electrical contact and thereby increases the contact area, which then reduces the contact resistance. In this bonding method, the bonding process can be performed at a relatively low temperature in a simplified manner since it can be performed at the adhesive's curing temperature. 13, 14) Conventionally, electro-less Au/Ni bumps, electroplated gold bumps, and polymer based composite-bumps are used as the bump material. 12, [15] [16] [17] Sn bumps have a lower hardness and higher plastic deformation capability than an Au bump. Several articles have been devoted to the study of COG technology using Sn bumps. 4, 5, 13) Since the metal bumps are in direct contact with the pads on the glass substrate in this particular NCA technology, a trapping phenomenon may occur in which a part of the NCA remains between the bump and the pad. 18, 19) The trapped NCA may induce an increase in the contact resistance between the bump and the metal electrode and in the worst case, cause a open circuit. Therefore, it is important to reduce the amount of trapped NCA. In this paper, we investigate the effects of the Sn bump types and NCA on overall NCA trapping. We used large size bumps (100 mm Â 100 mm) to measure the amount of NCA trapping more precisely. Three different types of Sn bumps were fabricated; electroplated Sn bumps, reflowed Sn bumps, and coined Sn bumps after electroplating. The electrical properties of the COG joints fabricated using reflowed Sn bumps and NCAs are also presented.
Experimental Procedure
Ti (50 nm), Cu (1 mm), and Au (50 nm) thin films were deposited sequentially on an oxidized Si wafer using a DC magnetron sputtering system as under bump metallization (UBM) and interconnection lines. The metal patterns on the chip were fabricated through a photolithographic process and wet chemical etching methods.
Three types of Sn bumps were made on the UBM pads. The 20 mm thick electroplated Sn bumps were fabricated by electroplating. The coined Sn bumps were fabricated by flattening the electroplated bumps using a thermo-compression bonder. The reflowed Sn bumps were formed by reflowing the electroplated bumps at 270 C for 20 sec in the forming gas (95 vol%N 2 + 5 vol%H 2 ) using a rapid thermal annealing system. COG bonding was performed at 150 C under 100 MPa using a thermo-compression bonder after NCA was dispensed over the Sn bumps on the Si chip. Three different NCAs were used and their properties are summarized in Table 1 . The holding time at 150 C was 45 sec for NCA-A and 15 sec for NCA-B and NCA-C. Figure 1 shows one example of the bonding process with reflowed Sn bumps. Two types of metallization were formed on the glass substrate (Corning Ò 1731 glass). For the NCA trapping study, the photoresist (PR) (6 mm) and Ti (50 nm) were deposited on the glass substrates. Then a simulated bonding was performed using Sn bumps on Si chip and Ti/PR/glass substrates. After bonding the Sn bumps were separated from the glass substrates by dissolving the PR. Then the Ti layer on the Sn bump was removed by wet chemical etching in 5% HF. Figure 2 contains a schematic diagram of the NCA trapping experiment. NCA and filler trapping was observed using a back-scattered electron (BSE) image. A quantitative analysis of NCA trapping was done using an image analyzer.
For the contact resistance study, a Ti (50 nm), Cu (1 mm), and Au (50 nm) layer was inserted between the Indium Tin Oxide (ITO) and glass to reduce the interconnect resistance. The bonding was preformed between the Sn bump on the Si chip and ITO on glass. The contact resistance of an individual joint was measured using the four-point probe method. The details of the four point probe method have been described previously. 20) 3. Results
Bump formation
The secondary electron (SE) images of three types of Sn bumps are shown in Fig. 3 . Sn bumps were well formed in an area array pattern and there was no bridging between the neighboring bumps. show the morphology of the reflowed Sn bumps. After reflowing, the peak height of the reflowed Sn bumps was about 40 mm since semi-spheroid bumps were formed to reduce the surface energy. The reflowed bumps have the smoothest surface among the bumps fabricated in this experiment. Top view SE images in Fig. 5 show the size of a Sn bump. The size of the electroplated Sn bumps and reflowed Sn bumps was about 100 mm Â 100 mm square. And the size of coined Sn bumps increased to about 110 mm Â 110 mm square because the Sn bumps were squeezed during the coining process.
NCA trapping
After bonding at 150 C between Sn bumps and the Ti/ PR/glass substrate, the Sn bumps were separated from the substrates by removing the PR and Ti layer. The BSE images of the bump surfaces and trapped NCA and fillers are shown in Figs. 7, 8 , and 9. Compared with Fig. 5 , the overall size of the bumps in Figs. 7, 8, and 9 was increased after bonding due to excessive plastic deformation of the Sn bumps. Trapped NCA with fillers was clearly seen in the BSE images. In the BSE images, the Sn phase appeared to be lighter than the NCA since the BSE signal increased with the concentration of the heavier element.
11) Thus the bright region represents the Sn bump surface and the dark region represents the NCA and fillers. It is obvious that the reflowed bumps have the lowest amount of trapped NCA with fillers amongst the three bump types. Figure 10 represents a typical example which shows the filler and NCA trapped in the Sn interface. Bonding was made using reflowed bumps and NCA-A. Spherical silica fillers embedded on the Sn bump surface are clearly seen. If the fillers are embedded in the Sn interface, a gap between the fillers and the Sn bump will be formed and NCA may flow into the gap more easily. A quantitative analysis of the amount of trapped NCA with fillers was carried out using an image analyzer and the results are given in Fig. 11 . The trapped amount of NCA and fillers was calculated as a ratio of the area of trapped NCA with fillers to the whole area of the Sn surface. The reflowed bump specimens had the lowest amount of trapped NCA with fillers amongst the three types of fabricated bumps studied in this experiment. The trapped amount of NCA and fillers in the reflowed bumps was below 8% in all specimens regardless of NCA type. The NCA and filler trapping in the coined bump specimens was less than that of the electroplated bump specimens. The amount of trapped with fillers in the NCA-C was the lowest of all specimens, regardless of bump types.
Contact resistance
Since NCA and filler trapping was lowest in the reflowed bumps, COG bonding was performed between the reflowed Sn bumps on the Si wafer and the ITO/Au/Cu/Ti glass substrate using three different NCAs. The electrical measure- 
Discussion
Our results showed that Sn bumps and ITO pads were joined successfully through the deformation of Sn bumps during bonding. The contact resistance of COG joints using reflowed bumps was very low in all specimens. Sn bumps were easily deformed and Sn bump deformation can compensate for bump height variations. The surface roughness of Sn bumps influenced the NCA and filler trapping. The coining process deformed the Sn bump surface and decreased the surface roughness. 21) A lower amount of NCA and filler trapping was observed during bonding with a smoother surface, as seen in Fig. 11 . The amount of trapped NCA and fillers was lowest in the reflowed bump. A semi-spherical bump initiated point contact with the substrate during bonding. Further pressuring increased the contact area due to the deformation of the Sn bump and NCA was squeezed out from the Sn bump (See Fig. 1(d) ). The bump shape was more effective to reduce the NCA and filler trapping than surface roughness of bumps since the reflowed bumps had much less amount of trapped NCA with fillers.
The NCA type also strongly influenced NCA trapping. NCA with a lower viscosity flows more readily during bonding and traps less. 22) NCA contains fillers to control thermal expansion. 22, 23) When the filler is harder, it may easily embed in the soft Sn bump during bonding and NCA can easily be trapped near the filler as shown in Fig. 10 . As a result, NCA was trapped less in the COG joint formed using NCA-C, which has a lower viscosity, and contains softer fluoropolymer fillers.
In the NCA and filler trapped region, the contact between the Sn bump and ITO failed. The loss of contact area due to NCA and fillers caused an increase of the contact resistance.
12) The less NCA and filler trapping occurs, the lower the contact resistance will be, as shown in Fig. 11 .
Conclusion
We investigated NCA trapping in the COG joints formed using Sn bumps and various NCAs. The effect of Sn bump types on NCA trapping was studied with three different types of NCAs. The reflowed bump allowed the least trapping of NCA and fillers among the bumps studied. This was because the spherical bumps squeezed out the NCA during bonding. The lowest viscosity NCA was trapped less than the other NCAs. The contact resistance of the COG joints formed with reflowed Sn bumps was very low regardless of NCA type. The contact resistance of the COG joints was closely related to NCA trapping.
